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Description
BACKGROUND

[0001] It is well known from communication theory that the non-uniform use of a signal constellation may result in a
"shaping" gain. This is due to the reduced average transmission power that results from less-frequent use of constellation
points with high energy. The constellation signal may have a Gaussian distribution to achieve capacity in an Additive
White Gaussian Noise Channel (AWGNC).

[0002] The benefits of a shaping gain are similar to those for a coding gain. For example, less transmitter power, which
equates to a less expensive transmitter, is obtained with the same system performance (e.g., the data rate at a given
signal-to-noise ratio (SNR)). Alternatively, greater system performance can be achieved for the same transmitter power.
[0003] Signal-processing systems that utilize shaping gain may be less complex than other signal processing methods,
yet still achieve an incremental performance gain (e.g., about one decibel (dB)) without the need for more iterations by
an iterative decoder or for a more powerful code. Shaping gain has been used in voice-band modems, but only with
trellis-coded modulation (TCM). Unfortunately, obtaining a shaping gain is not a straight-forward process in Digital
Subscriber Line (DSL) systems using Low Density Parity Check (LDPC)-coded modulation (LCM).

[0004] Thefundamental principles of trellis shaping and of the applications thereof to coded modulation are summarised
in Forney Jr G D, "Trellis Shaping", IEEE Transactions On Information Theory, IEEE Press, USA, vol. 38, no. 2 PT.01,
1 March 1992, in Limpaphayom P et al, "Power- and Bandwidth-Efficient Communications Using LDPC Codes", IEEE
Transactions on Communications, IEEE Service Center, Piscataway, NJ, USA, vol. 52, no. 3, 1 March 2004, and in
Wachsmann U etal: "Multilevel codes: theoretical concepts and practical design rules”, IEEE Transactions on Information
Theory, IEEE Press, USA.

SUMMARY

[0005] In one embodiment, the disclosure includes a transmitter for a Digital Subscriber Line (DSL) system including
a rate encoder configured to generate a first set of encoded bits using a set of least significant bits, wherein the first set
of encoded bits contains at least one more bit than the set of least significant bits, a trellis shaper operably coupled to
the rate encoder, wherein the trellis shaper is configured to generate a second set of encoded bits using a most significant
bit and the first set of encoded bits, a first constellation mapper operably coupled to the rate encoder, wherein the first
constellation mapper is configured to generate a first point described by integer coordinates in a complex plane based
on the first set of encoded bits obtained from the rate encoder, a second constellation mapper operably coupled to the
trellis shaper, wherein the second constellation mapper is configured to generate a second point described by integer
coordinates in the complex plane based on the second set of encoded bits after interleaving two bits from the second
set of encoded bits obtained from the trellis shaper, and a merger module operably coupled to the first constellation
mapper and the second constellation mapper, wherein the merger module is configured to merge the first point with the
second point to generate a symbol, wherein the symbol represents a third point described by integer coordinates in the
complex plane.

[0006] In an embodiment, the interleaving comprises swapping a position of the two bits in the second set of encoded
bits. In an embodiment, the interleaving comprises swapping a position of the two bits in the second set of encoded bits
while positions of all remaining bits are unchanged. In an embodiment, at least one extra bit in addition to the first set
of encoded bits and the most significant bit is fed into the trellis shaper and the second constellation mapper but not the
rate encoder. In an embodiment, the symbol generated by the merger module contains more bits than the set of least
significant bits and the most significant bit combined. In an embodiment, the rate encoder is a Low Density Parity Check
(LDPC) 3% rate encoder and the trellis shaper is a V2 rate trellis shaper. In an embodiment, the first constellation mapper
and the second constellation mapper each apply Gray coded bit mapping to generate the first point and the second
point, and wherein each of the first point and the second point is two-dimensional. In an embodiment, the symbol is used
to generate a constellation mapping utilized for transmitting data in the DSL system.

[0007] In another embodiment, the disclosure includes a method of generating a constellation mapping in a transmitter
including converting a bitstream into a set of least significant bits and a most significant bit, generating a first set of
encoded bits based on the set of least significant bits, wherein the first set of encoded bits contains one more bit than
the set of least significant bits, generating a second set of encoded bits based on the most significant bit and the first
set of encoded bits, generating a first point described by integer coordinates in a complex plane based on the first set
of encoded bits, interleaving two bits from the second set of encoded bits to generate an interleaved set of encoded bits
and generating a second point described by integer coordinates in the complex plane based on the interleaved set of
encoded bits, and merging the first point with the second point to produce a symbol, wherein the symbol represents a
third point described by integer coordinates in the complex plane.

[0008] In an embodiment, the interleaving comprises swapping a position of the two bits in the second set of encoded
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bits. In an embodiment, the interleaving comprises swapping a position of the two bits in the second set of encoded bits
while positions of all remaining bits are unchanged. In an embodiment, the method further comprises converting the
bitstream into one or more additional bits and using the one or more additional bits for constellation mapping and trellis
shaping, wherein the one or more additional bits are bits other than the bits of the set of least significant bits and the
most significant bits. In an embodiment, a first constellation mapper and a second constellation mapper each apply Gray
coded bit mapping to generate the first point and the second point, and wherein each of the first point and the second
point is two-dimensional. In an embodiment, the converting is performed by a serial to parallel converter, wherein the
generating the first set of encoded bits is performed by a first rate encoder, wherein the generating the second set of
encoded bits is performed by a second rate encoder, wherein the generating the first point is performed by a first
constellation mapper, wherein the interleaving the two bits is performed by a second constellation mapper, and wherein
the merging is performed by a merging device. In an embodiment, the method further comprises using the symbol to
generate a constellation mapping utilized for transmitting data in a Digital Subscriber Line (DSL) system.

[0009] In yet another embodiment, the disclosure includes a transmitter for a Digital Subscriber Line (DSL) system
including a demultiplexer configured to convert a bitstream into a set of least significant bits, a most significant bit, and
at least one extra bit, a rate encoder operably coupled to the demultiplexer, wherein the rate encoder is configured to
generate a first set of encoded bits using the set of least significant bits, wherein the first set of encoded bits contains
at least one more bit than the set of least significant bits, a trellis shaper operably coupled to the demultiplexer and the
rate encoder, wherein the trellis shaper is configured to generate a second set of encoded bits using the most significant
bit, the at least one extra bit, and the first set of encoded bits, a first constellation mapper operably coupled to the rate
encoder, wherein the first constellation mapper is configured to generate a first point described by integer coordinates
in a complex plane based on the first set of encoded bits obtained from the rate encoder, a second constellation mapper
operably coupled to the trellis shaper, wherein the second constellation mapper is configured to generate a second point
described by integer coordinates in the complex plane based on the second set of encoded bits and the at least one
extra bit after interleaving two bits from the second set of encoded bits, and a merger module operably coupled to the
first constellation mapper and the second constellation mapper, wherein the merger module is configured to merge the
first point with the second point to generate a symbol, wherein the symbol represents a third point described by integer
coordinates in the complex plane.

[0010] In an embodiment, the interleaving comprises swapping a position of the two bits in the second set of encoded
bit. In an embodiment, the interleaving comprises swapping a position of the two bits in the second set of encoded bits
while positions of all remaining bits remain the same. In an embodiment, the rate encoder is a Low Density Parity Check
(LDPC) % rate encoder and the trellis shaper is a - rate trellis shaper. In an embodiment, the set of least significant
bits and the most significant bit comprise at least four total bits, and wherein the merger module is configured to output
two bits more than output by the demultiplexer due to the ¥z rate of the trellis shaper and the 3 rate of the rate encoder.
In an embodiment, the first constellation mapper and the second constellation mapper each apply Gray coded bit mapping
to generate the first point and the second point, and wherein the first point and the second point are two-dimensional.
In an embodiment, the symbol is used to generate a constellation mapping utilized for transmitting data in the DSL
system. For the purpose of clarity, any one of the foregoing embodiments may be combined with any one or more of
the other foregoing embodiments to create a new embodiment within the scope of the present disclosure.

[0011] These and other features will be more clearly understood from the following detailed description taken in
conjunction with the accompanying drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fora more complete understanding of this disclosure, reference is now made to the following brief description,
taken in connection with the accompanying drawings and detailed description, wherein like reference numerals represent
like parts.

FIG. 1 is a schematic diagram of an embodiment of a DSL system.

FIG. 2 is a schematic diagram of an embodiment of a transmitter suitable for use with the DSL system of FIG. 1.
FIGS. 3A-3B depict conventional constellations for even and odd values of a symbol.

FIGS. 4A-4B depictan embodiment of constellations for even and odd values of a symbol generated by the transmitter
of FIG. 2.

FIG. 5 is an example of a two-dimensional (2-D) truncated Gaussian-like distribution on selected constellation points
implemented using the trellis shaping of FIG. 4A.

FIG. 6 is a graph illustrating the benefits of trellis shaping using the transmitter of FIG. 2.

FIG. 7 is a graph providing a perspective on overall shaping gain realized by using the transmitter of FIG. 2.

FIG. 8 is a network component suitable for implementing the inventive features and methods disclosed herein.
FIG. 9 is a flowchart of a method of generating a constellation mapping in the transmitter of FIG. 2.
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DETAILED DESCRIPTION

[0013] It should be understood at the outset that although an illustrative implementation of one or more embodiments
are provided below, the disclosed systems and/or methods may be implemented using any number of techniques,
whether currently known or in existence. The disclosure should in no way be limited to the illustrative implementations,
drawings, and techniques illustrated below, including the exemplary designs and implementations illustrated and de-
scribed herein, but may be modified within the scope of the appended claims along with their full scope of equivalents.
Obtaining a shaping gain in a communication system employing DMT or OFDM modulation, such as a DSL system,
using LCM is not a straight-forward process. Provided herein is a system and method of combining trellis shaping with
LCM for Discrete Multi-Tone (DMT) systems in order to achieve a desirable shaping gain. For example, a shaping gain
of up to 0.7 dB may be achieved depending on the constellation.

[0014] Disclosed herein is a method for combining trellis shaping and LCM for use in DMT quadrature amplitude-
phase modulation (QAM) systems to improve system performance. To obtain regional shaping gain, bit interleaving is
used to address a Gray-code labeled signal-point constellation. While the examples provided herein discuss constella-
tions addressed with a number of bits ranging from four to fifteen, more bits could be used if desired. The method,
however, is generally not used to obtain a shaping gain for LCM systems with constellations addressed with fewer than
four bits because the combination of the trellis shaper (1/2) and LDPC encoder (at least a 1/2 coder) generates at least
four bits to be mapped into a channel symbol. Therefore, a 4-bit constellation is the smallest that can be addressed with
this trellis shaper and LCM encoder. Throughout this disclosure we will describe the operation of this shaper for a rate
3/4 LDPC encoder that will limit the shaping gain to a minimum 6-bit constellation.

[0015] FIG. 1 is a schematic diagram of an embodiment of a DSL system 100. The system 100 may be any DSL
system as defined by the Telecommunication Standardization Sector (ITU-T). The system 100 comprises a distribution
point unit (DPU) 110 coupled to a plurality of customer premise equipments (CPEs) 130 via a plurality of subscriber lines
121, where at least some of the subscriber lines 121 are bundled in a cable binder 120. The DPU 110 is located at an
operator end of the system 100 such as a central office (CO), an exchange, a cabinet, or a distribution point, which is
connected to a backbone network such as the Internet via one or more intermediate networks. The intermediate networks
may include an optical distribution network (ODN). The CPEs 130 are shown as CPE 1 to CPE K and are located at
distributed customer premises or subscriber locations and may be further connected to devices such as telephones,
routers, and computers. The subscriber lines 121 are twisted or untwisted copper pairs shown as line 1 to line K. The
system 100 may be configured as shown or alternatively configured as determined by a person of ordinary skill in the
art to achieve similar functionalities.

[0016] The DPU 110 is any device configured to communicate with the CPEs 130. The DPU 110 terminates and
aggregates DSL signals from the CPEs 130 and hands the aggregated DSL signals off to other network transports. In
a downstream (DS) direction, the DPU 110 forwards data received from a backbone network to the CPEs 130. In an
upstream (US) direction, the DPU 110 forwards data received from the CPEs 130 onto the backbone network. The DPU
110 comprises a plurality of xDSL office-side transceiver units (xTU-O) 111, where 'x’ indicates any DSL standard. For
instance, 'x’ stands for 'A’ in asymmetric digital subscriber line (ADSL2) or ADSL2+ systems, 'V’ in very-high-bit-rate
digital subscriber line (VDSL) or VDSL2 systems as described in ITU-T G.993.2, and 'F’ in G.fast systems described in
ITU-T G.9700 and G.9701. The xTU-Os 111 are shown as xTU-O, to xTU-Oy. Each xTU-O 111 comprises a transmitter
and a receiver configured to transmit and receive signals over a corresponding subscriber line 121 using discrete multi-
tone (DMT) modulation. DMT modulation divides a signal spectrum of a subscriber line into a number of discrete frequency
bands and assigns a number of bits to each frequency band according to a channel condition of each frequency band
of the subscriber line. The frequency bands are also referred to as tones or subcarriers.

[0017] InDMT modulation, a transmitter encodes data bits using forward error correction (FEC) and maps the encoded
data bits to QAM constellations. Each QAM constellation is mapped to a subcarrier. Thus, the QAM constellations are
in a frequency domain. The transmitter performs inverse fast Fourier transform (IFFT) to convert the frequency-domain
QAM constellations into a time-domain signal, which is referred to as a DMT symbol. The transmitter pre-appends a
cyclic prefix (CP) to each DMT symbol to avoid inter-symbol-interference (ISI) and inter-carrier-interference (ICI) at a
receiver. The transmitter may post-append a cyclic suffix (CS) in addition to the CP, as described in G.993.2. The
combination of CP and CS is called cyclic extension (CE). The transmitter transmits DMT signals carrying CP-pre-
appended and CS-post-appended if used, DMT symbols to a corresponding receiver at the CPEs 130.

[0018] Upon receiving a DMT signal, a receiver searches for the beginning of a DMT symbol, discards the CE, and
performs fast Fourier transform (FFT) to demodulate the DMT symbol and convert it to a frequency-domain signal. The
receiver multiplies the frequency-domain signal by a frequency-domain equalizer (FEQ) sample by sample. For example,
FEQ coefficients may be single-tap complex values per FFT output or tone. The receiver performs FEC decoding on
the demodulated and equalized signal to recover the original data bits transmitted by a DMT transmitter.

[0019] The DPU 110 may further comprise other functional units for performing physical (PHY) layer signal processing,
open system interconnection (OSI) model layer 2 (L2) and above (L2+) processing, activations of the CPEs 130, resource
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allocation, and other functions associated with the management of the system 100.

[0020] The CPEs 130 are any devices configured to communicate with the DPU 110. The CPEs 130 act as interme-
diaries between the DPU 110 and connected devices to provide Internet access to the connected devices. In a DS
direction, the CPEs 130 forward data received from the DPU 110 to corresponding connected devices. In a US direction,
the CPEs 130 forward data received from the connected devices to the DPU 110. Each CPE 130 comprises an xDSL
remote-side transceiver unit (xTU-R) 131. The xTU-Rs 131 are shown as xTU-R; to xTU-Ry. Each xTU-R 131 comprises
a receiver and a transmitter configured to transmit and receive signals over a corresponding subscriber line 121 using
DMT modulation. The CPEs 130 may further comprise other functional units for performing PHY layer processing and
other management related functions.

[0021] In the system 100, the DPU 110 and the CPEs 130 negotiate configuration parameters for data transmission
in both US and DS directions during a phase known as initialization or training, before transmissions of information data
during a phase known as showtime. US refers to the transmission direction from the CPEs 130 to the DPU 110, whereas
DS refers to the transmission direction from the DPU 110 to the CPEs 130. Some examples of configuration parameters
are channel information and bit allocations. Channel information is associated with channel conditions of the subscriber
lines 121 at different tones. Bit allocation may include a number of bits to be allocated or loaded at each frequency tone
of a DMT symbol based on the channel conditions. FIG. 2 illustrates a transmitter 200 suitable for use with a DSL system
such as, for example, the DSL system 100. Specifically, the transmitter 200 may be similar to the transceiver units 111,
131 of FIG. 1. The transmitter 200 may be disposed on a CPE side of the DSL system 100 and/or on the CO side of the
DSL system 100. As shown, the transmitter 200 includes a demultiplexer (DeMux) 202, a rate encoder 204, a trellis
shaper 206, a first constellation mapper 208, a second constellation mapper 210, and a merger module 212.

[0022] AsshowninFIG. 2, the demultiplexer 202 is configured to receive information bits (e.g., a bitstream) in a serial,
which is represented by a large arrow entering the left side of the demultiplexer 202. The demultiplexer 202, which is a
serial-to-parallel (S/P) converter, converts the information bits from serial to parallel, which is represented by the small
arrows leaving the right side of the demultiplexer 202. The demultiplexer outputs M number of bits at a time, where M
is a positive integer greater than or equal to 6. In some embodiments, M is smaller than or equal to 15.

[0023] For purposes of discussion, assume that M is equal to 8 bits. Therefore, the transmitter 200 will output an 8-
bit symbol. As shown in FIG. 2, the demultiplexer 202 outputs M-2 bits, which in this example is 6 bits (8 bits - 2 bits =
6 bits). The 3 bits fed into the rate encoder 204 will be referred to as the 3 least significant bits (LSBs), the 1 bit fed into
the trellis shaper 206 will be referred to as the most significant bit (MSB), and the other bits will be referred to as the
remaining or additional bits.

[0024] The 3 least significant bits are transmitted from the demultiplexer 202 to the rate encoder 204. The rate encoder
204 encodes the bits such that the output of the rate encoder 204 has one more bit than the input. In the illustrated
example, the 3 least significant bits are encoded into 4 bits. The rate encoder 204 outputs the 4 bits to the first constellation
mapper 208. While the rate encoder 204 of FIG. 2 is depicted as a rate-3/4 LDPC encoder, the rate encoder 204 may
have a different encoding rate in other embodiments. For example, the rate encoder 204 may have a 2/3 LDPC encoder
that outputs 3 coded bits for every 2 input bits. In this case, 2 least significant bits are transmitted from the demultiplexer
202 to the rate encoder 204. Alternatively, the rate encoder 204 may have a 1/2 LDPC encoder that outputs 2 bits for
every 1 input bit. In this case, 1 least significant bit is transmitted from the demultiplexer 202 to the rate encoder 204.
[0025] The most significant bit is transmitted from the multiplexer 202 to the trellis shaper 206. The trellis shaper 206
encodes the bit such that the output of the trellis shaper 206 has one more bit than the input. In the illustrated example,
the most significant bit is encoded into 2 bits. While the trellis shaper 206 is depicted as a rate-1/2 encoder in FIG. 2,
the trellis shaper 206 may have a different encoding rate in other embodiments. The trellis shaper 206 outputs the 2 bits
to the second constellation mapper 210.

[0026] The remaining bits from the demultiplexer 202 (e.g., the bits other than the 3 least significant bits and the most
significant bit, which in the illustrated example means any bits in excess of 6) are transmitted to the second constellation
mapper 210 and are also fed into the trellis shaper 206. In the illustrated example, there are 2 remaining bits. However,
it should be recognized that the number of remaining bits (e.g., extra or additional bits) will increase as the value of M
increases. For example, if M is increased to 10, there will be 4 additional bits transmitted to the second constellation
mapper 210 and also input into the trellis shaper 206. As shown in FIG. 2, the trellis shaper 206 utilizes the 2 remaining
bits during encoding to generate the 2 bits input into the second constellation mapper 210.

[0027] The 4 bits output by the rate encoder 204 are fed into the first constellation mapper 208. The first constellation
mapper 208 uses those 4 bits to select a first 2-D point from a Gray-labeled constellation of 16 symbols as described
in E. Eleftheriou, X. Hu, S. Olger, M. Sorbara, M. Eyvazkhani, G.gen, "An information-theoretic framework for comparing
the coding schemes proposed for G.dmt.bis and G.lite.bis," Temporary Document CF-070, Study Group 15, Irvine,
California, 9 C 13 April 2001. The 2-D point is a point described by integer coordinates (/,, Q,) in a complex plane. The
2-D point may be a point represented by, for example, -3, +3j, -1, +4j, or by some other integer coordinates.

[0028] The bits output by the trellis shaper 206 are fed into the second constellation mapper 210 along with the
remaining bits from the demultiplexer 202. Prior to performing any mapping function, the second constellation mapper
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210 performs an interleaving function by swapping the positions of the some of the bits received from the trellis shaper
206. In an embodiment, the positions of two of the bits are interchanged. To illustrate the point, assume that the trellis
shaper 206 outputs a first bit, b1, and a second bit, b2, as shown in FIG. 2. In addition, assume that the demultiplexer
202 outputs a first remaining bit, b3, and a second remaining bit, b4, as shown in FIG. 2. When bits b1 and b2 are
received, the second constellation mapper 210 interleaves these bits by changing their position. In other words, a position
of the two bits, b1 and b2, is swapped such that b2 is now on top of b1 as shown. The remaining bits, b3 and b4, maintain
their positions. So, the second constellation mapper 210 receives four bits in the order b1, b2, b3, and b4, and performs
an interleaving function to put the bits in the order b2, b1, b3, and b4.

[0029] The second constellation mapper 210 uses the 4 bits in the rearranged order to select a second 2-D point from
a Gray-labeled constellation of 16 symbols. If more than four bits were received, a constellation having further symbols
may be used (e.g., for 5 bits a constellation of 32 symbols would be used, etc.). The second 2-D point is a point described
by integer coordinates (/;, Q) in a complex plane. The second 2-D point may be a point represented by, for example,
-3, +3j, -1, +4j, or by some other integer coordinates.

[0030] The firstand second 2-D points (/;, Q; and /,, Q,) are merged together by the merger module 212 to generate
a symbol (e.g., an 8 bit symbol created by the combination of the two 4 bit symbols). The symbol is used to generate a
constellation mapping for transmitting data in a DSL system. In the example provided herein, the symbol is an 8 bit
symbol. The symbol is a third point described by integer coordinates (/, Q) in a complex plane. By way of example, the
first and second selected 2-D constellation points are merged into one (third) point by the merger module 212 as follows.
If the LSBs select the constellation point (x;, y;) and the MSB (and possibly the remaining bits) select the constellation
point (X, Y), then the merged 2-D point is calculated by the merger module 212 as (4X + x., 4Y + y.). Because of the
interleaving, the point identified by the merger module 212 is different from what would have been output without the
interleaving.

[0031] Inthe receiver, a likelihood ratio is first computed for all the M bits that were input to the constellation mappers
208 and 210. The likelihood ratio of a given bit is the ratio of the probability of it being’ 1’ to the probability of it being
'0’. To simplify processing, the natural logarithm of the likelihood ratio (LLR) could be used instead of the likelihood ratio.
An estimate of the MSB (e.g., the input to the trellis shaper 206) is then recovered from the LLR of the two MSBs b1
and b2 using the parity-check matrix of the convolutional encoder in the trellis shaper. In order to obtain the correct LLRs
for b1 and b2, a de-interleaver is used to undo the swapping of bits b1 and b2 that was performed in the constellation
mapper 210. Then the LLRs of the remaining bits, that is, for all bits at the input to the constellation mappers 208 and
210 excluding bits b1 and b2, are processed by a decoder for the code generated by the rate encoder 204 to recover
an estimate of the remaining M-3 bits at the output of the demultiplexer 202. These M-3 bit estimates are then combined
with the estimate of the MSB to form an estimate of the M-2 bits at the output of the demultiplexer 202.

[0032] The benefit of using the transmitter 200 of FIG. 2 to generate constellations is illustrated by comparing the
conventional constellation labeling of FIGS. 3A-3B to the constellation labeling of FIGS. 4A-4B which is achieved through
interleaving. FIG. 3A depicts a Gray code-labeled constellation 300 for an even M (e.g., M is 8) while FIG. 3B depicts a
Gray code-labeled constellation 350 for an odd M (e.g., M is 9). Each of the full constellations 300, 350 is divided into
several sub regions, each of which is labeled by the shaping bits, i.e., the 2 MSBs from the symbol provided by the
merger module (e.g., the merger module 212 of FIG. 2). Points with shaping bits 00 and 10 are located in the outer
regions, but the action of a nominal trellis shaper may also cause selection of points from the inner regions (characterized
by points labeled with bits 01 and 11) when the information bits would have otherwise selected points from these outer
regions. But simply selecting points in regions 01 and 11 does not yield any shaping gain since the points selected by
the trellis shaper will be uniformly distributed in regions 01 and 11. Therefore, a Gaussian-like distribution on the selected
points will not be achieved.

[0033] In order to obtain shaping gain from a Gray code-labeled constellation, two of the M-4 MSBs are interleaved
and encoded so that the shaping bits are no longer located in the MSBs. This effectively modifies the constellation
labeling of FIGS. 3A-3B to the constellation labeling 400, 450 shown in FIGS. 4A and 4B for even and odd cases,
respectively. This new labeling scheme ensures different average energies for sub regions labeled with different shaping
bits, the average energy decreasing monotonically in the order 00, 01/10, to 11. As pointed out in S.A. Tretter, "Con-
stellation shaping, nonlinear precoding, and trellis coding for voiceband telephone channel modems with Emphasis on
ITU-T Recommendation V.34," Chapter 4.2, Shaping on regions, DOI 10.1007/978-1-4615-0989-9, Kluwer Academic
Publishers, 2002, this characteristic results in a regional shaping gain. The shaping effect for even M as shown in FIG.
4A will be somewhat more pronounced than that for odd M as shown in FIG. 4B because the central portion of the
constellation for the latter is partitioned into rectangular sub regions and is thus less Gaussian-like than the square sub
regions for the former.

[0034] Implementation of the trellis shaping described in FIGS. 4A-4B produces a 2-D truncated Gaussian-like distri-
bution on the selected constellation points, with points selected more frequently from near the origin and less frequently
far away from it. An example of this for a shaped 1024-QAM constellation 500 is illustrated in FIG. 5. The distribution
demonstrated in FIG. 5 does not resemble a purely circular Gaussian distribution, but rather one modified by the pattern
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of FIG. 4A. The performance of the shaping method and LDPC code mentioned above have been simulated for various
QAM constellations. FIG. 6 includes a graph 600 illustrating the benefits of using the inventive shaping methods described
herein. The graph 600 shows a comparison of the bit error rate (BER), which is on the y-axis, relative to the energy per
bit normalized (Eb/No), which is on the x-axis, for the different spectral efficiencies ;. The solid curves are for shaped
constellations and the dashed curves are without shaping. Because the comparisons are made at the same spectral
efficiency 7, the shaping gains obtained are net shaping gains, which while not shown in FIG. 6, are typically denoted
as y, (net). With shaping, a spectral efficiency of 7 uses a constellation of size 27*2. On the other hand, when shaping
is not used, a spectral efficiency of ;7 only uses a constellation of size 277+1. Therefore, comparisons for stating the shaping
gain at the same spectral efficiency have been made this way. The exception to this is the case for which a constellation
of size 32 is used without shaping. The LCM encoder described in "LDPC coding proposal for G.dmt.bis and G.lite.bis,"
by E. Eleftheriou and S. Olger, ITU-T Temporary Document CF-061, Study Group 15/4, Clearwater, FL, 8-12 Jan. 2001,
does not readily accommodate a size-32 constellation. So, for that constellation LCM is not used. Rather, the system is
operated with the LDPC encoder encoding all information bits and then Gray-mapping the output directly to the constel-
lation. This results in a value of 1 equal to (3/4)*5 = 3.75, which is compared with a shaped constellation at 7 = 4. Table
| lists the shaping gain for values of 7 from 4 to 13 at a BER of 107. The corresponding QAM order is also listed. The
case for which 7 =5 has been omitted because the shaping method does not accommodate that value of 7.

Table I. Shaping gain versus spectral efficiency.
n 4 6 7 8 9 10 11 12 13
Ysney/dB 020 | 0.11 | 0.24 | 052 | 043 | 0.70 | 0.56 | 0.70 | 0.56
QAMorder | 26 28 29 210 21 212 213 214 215

[0035] Itis easily seen that: 1) the shaping gains for 77>=8 exceed those for 7<8; 2) the shaping gains for even 7 are
generally better than for odd 7 especially when 7>=8. For example, the shaping gains for » = 10 and n = 12 are both
0.7, while only 0.11 dB is obtained for 7 = 6. Also observe that the shaping gain for = 13 is 0.14 dB smaller than it is
for 7= 12. Mean values of 0.18 dB and 0.58 dB shaping gain are obtained for 1 <8 and odd 7 >= 8, respectively. For
even and odd cases (both 7>=8), mean values are 0.64dB and 0.52 dB shaping gain respectively.

[0036] FIG. 7 includes a graph 700 providing a perspective on overall shaping gain by plotting BER, which is on the
y-axis, against normalized SNR (SNR,,,), Which is on the x-axis, as disclosed in Chapter 4.2, "Shaping on regions,"
previously noted above. As shown, the curves with shaping are shifted to the left of the curves without shaping, and the
reduced difference between each curve and the dashed vertical line at SNR,,,,, = 0, representing the Shannon limit is
evident.

[0037] The combination of trellis shaping with LDPC-coded modulation for DMT systems with uniformly-spaced con-
stellations as disclosed herein is the inventive concept. The shaping gain is obtained across the subcarriers adaptively
with different constellation sizes and power. Trellis shaping with coded modulation has been described in T. N. Zogakis,
J. T. Aslanis, and J. M. Cioffi, "A coded and shaped discrete multitone system," Communications, IEEE Transactions
on 43.12 (1995): 2941-2949, 1995, but that system shows how to combine trellis shaping with trellis-coded modulation
using circular constellations, rather than for the block-coded modulation with square and rectangular constellations as
described herein.

[0038] FIG. 8 is a schematic diagram of a network device 800 according to an embodiment of the disclosure. The
device 800 is suitable for implementing the disclosed embodiments as described below. The device 800 comprises
ingress ports 810 and receiver units (Rx) 820 for receiving data; a processor, logic unit, or central processing unit (CPU)
830 to process the data; transmitter units (Tx) 840 and egress ports 850 for transmitting the data; and a memory 860
for storing the data. The device 800 may also comprise optical-to-electrical (OE) components and electrical-to-optical
(EO) components coupled to the ingress ports 1010, the receiver units 820, the transmitter units 840, and the egress
ports 850 for egress or ingress of optical or electrical signals.

[0039] The processor 830 is implemented by hardware and software. The processor 830 may be implemented as one
ormore CPU chips, cores (e.g., as a multi-core processor), field-programmable gate arrays (FPGAs), application specific
integrated circuits (ASICs), and digital signal processors (DSPs). The processor 830 is in communication with the ingress
ports 810, receiver units 820, transmitter units 840, egress ports 850, and memory 860. The processor 830 comprises
a module 870 that performs trellis shaping on LDPC-coded modulation DMT systems. The module 870 implements the
disclosed embodiments described above. For instance, the module 870 implements, for example, one or more of the
encoding, shaping, constellation mapping, interleaving, and/or merging functions as described herein. The inclusion of
the module 870 therefore provides a substantial improvement to the functionality of the device 800 and effects a trans-
formation of the device 800 to a different state. In an embodiment, the module 870 is implemented as instructions stored
in the memory 860 and executed by the processor 830.
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[0040] The memory 860 comprises one or more disks, tape drives, and solid-state drives and may be used as an over-
flow data storage device, to store programs when such programs are selected for execution, and to store instructions
and data that are read during program execution. The memory 860 may be volatile and/or non-volatile and may include
read-only memory (ROM), random-access memory (RAM), ternary content-addressable memory (TCAM), and static
random-access memory (SRAM), for example.

[0041] In an example embodiment, the network device 800 includes a conversion module converting a bitstream into
a set of least significant bits and a most significant bit, a first bit generation module generating a first set of encoded bits
based on the set of least significant bits, wherein the first set of encoded bits contains one more bit than the set of least
significant bits, a second bit generation module generating a second set of encoded bits based on the most significant
bit, a first point generation module generating a first point described by integer coordinates in a complex plane based
on the first set of encoded bits, an interleave module interleaving two bits from the second set of encoded bits to generate
an interleaved set of encoded bits and generating a second point described by integer coordinates in the complex plane
based on the interleaved set of encoded bits, and a merge module merging the first point with the second point to produce
a symbol, wherein the symbol represents a third point described by integer coordinates in the complex plane. In some
embodiments, the network device 800 may include other or additional modules for performing any one of or combination
of steps described in the embodiments

[0042] FIG. 9 is a flowchart of a method 900 of generating a constellation mapping in a transmitter (e.g., transmitter
200 of FIG. 2). The method 900 is implemented when, for example, constellation mapping is desired in order to facilitate
data transmission in a DSL system. At block 902, a bitstream is converted into a set of least significant bits and a most
significant bit by a serial to parallel converter (e.g., the demultiplexer 202 of FIG. 2). At block 904, a first set of encoded
bits is generated by afirstrate encoder (e.g., rate encoder 204) based on the set of least significant bits. In an embodiment,
the first set of encoded bits contains one more bit than the set of least significant bits. At block 906, a second set of
encoded bits is generated by a second rate encoder (e.g., trellis shaper 206) based on the most significant bit. At block
908, a first point described by integer coordinates in a complex plane is generated by a first constellation mapper (e.g.,
first constellation mapper 208 of FIG. 2), based on the first set of encoded bits. At block 910, two bits from the second
set of encoded bits are interleaved by a second constellation mapper (e.g., second constellation mapper 210 of FIG. 2)
to generate an interleaved set of encoded bits, and then a second point described by integer coordinates in the complex
plane is generated based on the interleaved set of encoded bits. At block 912, the first point is merged with the second
point by a merging device (e.g., merger module 212 of FIG. 2) to produce a symbol. The symbol represents a point
described by integer coordinates in the complex plane.

[0043] The terms network "element," "node," "component," "module," and/ or similar terms may be interchangeably
used to generally describe a network device and do not have a particular or special meaning unless otherwise specifically
stated and/or claimed within the disclosure.

[0044] While several embodiments have been provided in the present disclosure, it should be understood that the
disclosed systems and methods might be embodied in many other specific forms without departing from the scope of
the present disclosure. The present examples are to be considered as illustrative and not restrictive, and the intention
is not to be limited to the details given herein. For example, the various elements or components may be combined or
integrated in another system or certain features may be omitted, or not implemented.

[0045] In an embodiment, a transmitter in a Digital Subscriber Line (DSL) system includes means for generating a
first set of encoded bits using a set of least significant bits, wherein the first set of encoded bits contains at least one
more bit than the set of least significant bits, means for generating a second set of encoded bits using a most significant
bit and the first set of encoded bits, means for generating a first point described by integer coordinates in a complex
plane based on the first set of encoded bits obtained from the rate encoder, means for generating a second point
described by integer coordinates in the complex plane after interleaving two bits from the second set of encoded bits
obtained from the trellis shaper, and means for merging the first point with the second point to generate a symbol, wherein
the symbol represents a third point described by integer coordinates in the complex plane.

[0046] Inanembodiment, a method of generating a constellation mappingin a transmitter includes means for converting
a bitstream into a set of least significant bits and a most significant bit, means for generating a first set of encoded bits
based on the set of least significant bits, wherein the first set of encoded bits contains one more bit than the set of least
significant bits, means for generating a second set of encoded bits based on the most significant bit, means for generating
a first point described by integer coordinates in a complex plane based on the first set of encoded bits, means for
interleaving two bits from the second set of encoded bits to generate an interleaved set of encoded bits and generating
a second point described by integer coordinates in the complex plane based on the interleaved set of encoded bits, and
means for merging the first point with the second point to produce a symbol, wherein the symbol represents a third point
described by integer coordinates in the complex plane.

[0047] In an embodiment, a transmitter in a Digital Subscriber Line (DSL) system includes means for converting a
bitstream into a set of least significant bits, a most significant bit, and at least one extra bit, means for generating a first
set of encoded bits using the set of least significant bits, wherein the first set of encoded bits contains at least one more
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bit than the set of least significant bit, means for generating a second set of encoded bits using the most significant bit,
the at least one extra bit, and the first set of encoded bits, means for generating a first point described by integer
coordinates in a complex plane based on the first set of encoded bits obtained from the rate encoder, means for generating
a second point described by integer coordinates in the complex plane based on the second set of encoded bits and the
at least one extra bit after interleaving two bits from the second set of encoded bits, and means for merging the first
point with the second point to generate a symbol, wherein the symbol represents a point described by integer coordinates
in a complex plane.

[0048] From the foregoing, those skilled in the art will appreciate that a network administrator (e.g., a person and/or
computer software) is able to check for overlaps in the physical positions of traversed network elements even when
different domains are included in the network. Because location-based risk identifiers are used, any need to cross-
reference or map the identifiers of one domain in a network to dissimilar identifiers of another domain is eliminated.
[0049] While several embodiments have been provided in the present disclosure, it should be understood that the
disclosed systems and methods might be embodied in many other specific forms without departing from the scope of
the present disclosure. The present examples are to be considered as illustrative and not restrictive, and the intention
is not to be limited to the details given herein. For example, the various elements or components may be combined or
integrated in another system or certain features may be omitted, or not implemented.

[0050] In addition, techniques, systems, subsystems, and methods described and illustrated in the various embodi-
ments as discrete or separate may be combined or integrated with other systems, modules, techniques, or methods
without departing from the scope of the present disclosure. Other items shown or discussed as coupled or directly
coupled or communicating with each other may be indirectly coupled or communicating through some interface, device,
or intermediate component whether electrically, mechanically, or otherwise. Other examples of changes, substitutions,
and alterations are ascertainable by one skilled in the art and could be made without departing from the scope disclosed
herein.

Claims
1. A transmitter (200) for a Digital Subscriber Line, DSL, system, comprising:

arate encoder (204) configured to generate a first set of encoded bits using a set of least significant bits, wherein
the first set of encoded bits contains at least one more bit than the set of least significant bits;

a trellis shaper (206) operably coupled to the rate encoder (204), wherein the trellis shaper is configured to
generate a second set of encoded bits using a most significant bit and the first set of encoded bits;

a first constellation mapper (208) operably coupled to the rate encoder (204), wherein the first constellation
mapper (208) is configured to generate a first point described by integer coordinates in a complex plane based
on the first set of encoded bits obtained from the rate encoder;

a second constellation mapper (210) operably coupled to the trellis shaper (206), wherein the second constel-
lation mapper (210) is configured to generate a second point described by integer coordinates in the complex
plane based on the second set of encoded bits after interleaving two bits from the second set of encoded bits
obtained from the trellis shaper; and

a merger module (212) operably coupled to the first constellation mapper (208) and the second constellation
mapper (210), wherein the merger module (212) is configured to merge the first point with the second point to
generate a symbol, wherein the symbol represents a third point described by integer coordinates in the complex
plane.

2. The transmitter of claim 1, wherein the interleaving comprises swapping a position of the two bits in the second set
of encoded bits.

3. The transmitter of any of claims 1 to 2, wherein the interleaving comprises swapping a position of the two bits in the
second set of encoded bits while positions of all remaining bits are unchanged.

4. The transmitter of any of claims 1 to 3, wherein at least one extra bit in addition to the first set of encoded bits and
the most significant bit is fed into the trellis shaper and the second constellation mapper but not the rate encoder.

5. The transmitter of any of claims 1 to 4, wherein the symbol contains more bits than the set of least significant bits
and the most significant bit combined.

6. The transmitter of any of claims 1 to 5, wherein the rate encoder (204) is a Low Density Parity Check, LDPC, % rate
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encoder and the trellis shaper (206) is a 2 rate trellis shaper.

The transmitter of any of claims 1 to 6, wherein the first constellation mapper (208) and the second constellation
mapper (210) each apply Gray coded bit mapping to generate the first point and the second point, and wherein each
of the first point and the second point is two-dimensional.

The transmitter of any of claims 1 to 7, wherein the symbol is used to generate a constellation mapping utilized for
transmitting data in the DSL system.

A method of generating a constellation mapping in a transmitter, comprising:

converting (902) a bitstream into a set of least significant bits and a most significant bit;

generating (904) a first set of encoded bits based on the set of least significant bits, wherein the first set of
encoded bits contains one more bit than the set of least significant bits;

generating (906) a second set of encoded bits based on the most significant bit and the first set of encoded bits;
generating (908) a first point described by the integer coordinates in a complex plane based on the first set of
encoded bits;

interleaving (910) two bits from the second set of encoded bits to generate an interleaved set of encoded bits;
generating a second point described by the integer coordinates in the complex plane based on the interleaved
set of encoded bits; and

merging (912) the first point with the second point to produce a symbol, wherein the symbol represents a third
point described by the integer coordinates in the complex plane.

The method of claim 9, wherein the interleaving comprises swapping a position of the two bits in the second set of
encoded bits.

The method of any of claims 9 to 10, wherein the interleaving comprises swapping a position of the two bits in the
second set of encoded bits while positions of all remaining bits are unchanged.

The method of any of claims 9 to 11, further comprising converting the bitstream into one or more additional bits
and using the one or more additional bits for constellation mapping and trellis shaping, wherein the one or more
additional bits are bits other than the bits of the set of least significant bits and the most significant bits.

The method of any of claims 9 to 12, wherein a first constellation mapper (208) and a second constellation mapper
(210) each apply Gray coded bit mapping to generate the first point and the second point, and wherein each of the
first point and the second point is two-dimensional.

The method of any of claims 9 to 13, wherein the converting is performed by a serial to parallel converter (202),
wherein the generating the first set of encoded bits is performed by a first rate encoder (204), wherein the generating
the second set of encoded bits is performed by a second rate encoder (206), wherein the generating the first point
is performed by a first constellation mapper (208), wherein the interleaving the two bits is performed by a second
constellation mapper (210), and wherein the merging is performed by a merging device (212).

The method of any of claims 9 to 14, further comprising using the symbol to generate a constellation mapping utilized
for transmitting data in a Digital Subscriber Line (DSL) system.

The transmitter of any of claims 1, 2, 3, 6, 7 or 8, further comprising:

a demultiplexer (202) configured to convert a bitstream into a set of least significant bits, a most significant bit,
and at least one extra bit;

wherein the rate encoder (204) is operably coupled to the demultiplexer (202), wherein the rate encoder (204)
is configured to generate the first set of encoded bits using the set of least significant bits, converted by the
demultiplexer (202);

wherein the trellis shaper (206) is operably coupled to the demultiplexer (202) and the rate encoder (204),
wherein the trellis shaper (206) is configured to generate the second set of encoded bits using the most significant
bit, and the at least one extra bit converted by the demultiplexer (202), and the first set of encoded bits.

The transmitter of claim 16, wherein the set of least significant bits and the most significant bit comprise at least
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four total bits, and wherein the merger module (212) is configured to output two bits more than output by the
demultiplexer due to the "2 rate of the trellis shaper (206) and the 3% rate of the rate encoder (204).

Patentanspriiche

Sender (200) fir ein "Digital Subscriber Line"(DSL)-System, der aufweist:

einen Ratencodierer (204), der dazu ausgebildet ist, einen ersten Satz codierter Bits unter Verwendung eines
Satzes niedrigstwertiger Bits zu erzeugen, wobei der erste Satz codierter Bits mindestens ein Bit mehr enthalt
als der Satz niedrigstwertiger Bits;

einen Trellis-Former (206), der betriebsmafig mit dem Ratencodierer (204) gekoppelt ist, wobei der Trellis-
Former dazu ausgebildet ist, einen zweiten Satz codierter Bits unter Verwendung eines héchstwertigen Bits
und des ersten Satzes codierter Bits zu erzeugen;

einen ersten Konstellations-Mapper (208), der betriebsmaRig mit dem Ratencodierer (204) gekoppelt ist, wobei
der erste Konstellations-Mapper (208) dazu ausgebildet ist, einen ersten Punkt zu erzeugen, der durch ganz-
zahlige Koordinaten in einer komplexen Ebene beschrieben ist, auf Grundlage des ersten Satzes codierter Bits,
der aus dem Ratencodierer erlangt wird;

einen zweiten Konstellations-Mapper (210), der betriebsmaRig mit dem Trellis-Former (206) gekoppelt ist, wobei
der zweite Konstellations-Mapper (210) dazu ausgebildet ist, einen zweiten Punkt zu erzeugen, der durch
ganzzahlige Koordinaten in der komplexen Ebene beschrieben ist, auf Grundlage des zweiten Satzes codierter
Bits, nach dem "Interleaving" von zwei Bits aus dem zweiten Satz codierter Bits, der aus dem Trellis-Former
erlangt wird; und

ein Vereinigungsmodul (212), das betriebsmafig mit dem ersten Konstellations-Mapper (208) und dem zweiten
Konstellations-Mapper (210) gekoppelt ist, wobei das Vereinigungsmodul (212) dazu ausgebildet ist, den ersten
Punkt mit dem zweiten Punkt zu vereinigen, um ein Symbol zu erzeugen, wobei das Symbol einen dritten Punkt
darstellt, der durch ganzzahlige Koordinaten in der komplexen Ebene beschrieben ist.

Sender nach Anspruch 1, wobei das "Interleaving" das Tauschen einer Position der zwei Bits in dem zweiten Satz
codierter Bits umfasst.

Sender nach einem der Anspriiche 1 bis 2, wobei das "Interleaving" das Tauschen einer Position der zwei Bits in
dem zweiten Satz codierter Bits umfasst, wahrend Positionen aller tibrigen Bits unverandert sind.

Sender nach einem der Anspriiche 1 bis 3, wobei zusatzlich zu dem ersten Satz codierter Bits und dem hochstwer-
tigen Bit mindestens ein Extra-Bit in den Trellis-Former und den zweiten Konstellations-Mapper, jedoch nicht den
Ratencodierer eingegeben wird.

Sender nach einem der Anspriiche 1 bis 4, wobei das Symbol mehr Bits enthalt als der Satz niedrigstwertiger Bits
und das héchstwertige Bit zusammen.

Sender nach einem der Anspriiche 1 bis 5, wobei der Ratencodierer (204) ein LDPC-(Low Density Parity Check)-
3/4-Ratencodierer ist und der Trellis-Former (206) ein 1/2-Raten-Trellis-Former ist.

Sender nach einem der Anspriiche 1 bis 6, wobei der erste Konstellations-Mapper (208) und der zweite Konstella-
tions-Mapper (210) jeweils Gray-codiertes Bit-Mapping anwenden, um den ersten Punkt und den zweiten Punkt zu
erzeugen, und wobei der erste Punkt und der zweite Punkt jeweils zweidimensional sind.

Sender nach einem der Anspriiche 1 bis 7, wobei das Symbol dafiir verwendet wird, ein Konstellations-Mapping zu
erzeugen, das zum Senden von Daten in dem DSL-System genutzt wird.

Verfahren zum Erstellen eines Konstellations-Mappings in einem Sender, das umfasst:

das Umwandeln (902) eines Bitstroms in einen Satz niedrigstwertiger Bits und ein hochstwertiges Bit; das
Erzeugen (904) eines ersten Satzes codierter Bits auf Grundlage des Satzes niedrigstwertiger Bits, wobei der
erste Satz codierter Bits ein Bit mehr enthalt als der Satz niedrigstwertiger Bits;

das Erzeugen (906) eines zweiten Satzes codierter Bits auf Grundlage des héchstwertigen Bits und des ersten
Satzes codierter Bits;
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das Erzeugen (908) eines ersten Punkts, der durch die ganzzahligen Koordinaten in einer komplexen Ebene
beschrieben ist, auf Grundlage des ersten Satzes codierter Bits;

das "Interleaving" (910) von zwei Bits aus dem zweiten Satz codierter Bits, um einen verschachtelten Satz
codierter Bits zu erzeugen;

das Erzeugen eines zweiten Punkts, der durch die ganzzahligen Koordinaten in der komplexen Ebene beschrie-
ben ist, auf Grundlage des verschachtelten Satzes codierter Bits; und

das Vereinigen (912) des ersten Punkts mit dem zweiten Punkt zum Erzeugen eines Symbols, wobei das
Symbol einen dritten Punkt darstellt, der durch die ganzzahligen Koordinaten in der komplexen Ebene beschrie-
ben ist.

Verfahren nach Anspruch 9, wobei das "Interleaving" das Tauschen einer Position der zwei Bits in dem zweiten
Satz codierter Bits umfasst.

Verfahren nach einem der Anspriiche 9 bis 10, wobei das "Interleaving" das Tauschen einer Position der zwei Bits
in dem zweiten Satz codierter Bits umfasst, wahrend Positionen aller tibrigen Bits unverandert sind.

Verfahren nach einem der Anspriiche 9 bis 11, das ferner das Umwandeln des Bitstroms in ein oder mehrere
zusatzliche Bits und das Verwenden des einen oder der mehreren zusatzlichen Bits fiir Konstellations-Mapping und
Trellis-Formung umfasst, wobei das eine oder die mehreren zusatzlichen Bits andere Bits sind als die Bits des
Satzes niedrigstwertiger Bits und die hdchstwertigen Bits.

Verfahren nach einem der Anspriiche 9 bis 12, wobei ein erster Konstellations-Mapper (208) und ein zweiter Kon-
stellations-Mapper (210) jeweils Gray-codiertes Bit-Mapping anwenden, um den ersten Punkt und den zweiten
Punkt zu erzeugen, und wobei der erste Punkt und der zweite Punkt jeweils zweidimensional sind.

Verfahren nach einem der Anspriiche 9 bis 13, wobei das Umwandeln von einem Seriell-Parallel-Umsetzer (202)
durchgeflihrt wird, wobei das Erzeugen des ersten Satzes codierter Bits von einem ersten Ratencodierer (204)
durchgeflhrt wird, wobei das Erzeugen des zweiten Satzes codierter Bits von einem zweiten Ratencodierer (206)
durchgefihrt wird, wobei das Erzeugen des ersten Punkts von einem ersten Konstellations-Mapper (208) durchge-
fuhrt wird, wobei das "Interleaving" der zwei Bits von einem zweiten Konstellations-Mapper (210) durchgefiihrt wird
und wobei das Vereinigen von einer Vereinigungsvorrichtung (212) durchgefiihrt wird.

Verfahren nach einem der Anspriiche 9 bis 14, das ferner das Verwenden des Symbols zum Erstellen eines Kon-
stellations-Mappings umfasst, das zum Senden von Daten in einem "Digital Subscriber Line"(DSL)-System genutzt
wird.

Sender nach einem der Anspriiche 1, 2, 3, 6, 7 oder 8, der ferner aufweist:

einen Demultiplexer (202), der dazu ausgebildet ist, einen Bitstrom in einen Satz niedrigstwertiger Bits, ein
héchstwertiges Bit und mindestens ein Extra-Bit umzuwandeln;

wobei der Ratencodierer (204) betriebsmafig mit dem Demultiplexer (202) gekoppelt ist, wobei der Ratenco-
dierer (204) dazu ausgebildet ist, den ersten Satz codierter Bits unter Verwendung des Satzes niedrigstwertiger
Bits, die von dem Demultiplexer (202) umgewandelt werden, zu erzeugen;

wobei der Trellis-Former (206) betriebsmaRig mit dem Demultiplexer (202) und dem Ratencodierer (204) ge-
koppelt ist, wobei der Trellis-Former (206) dazu ausgebildet ist, den zweiten Satz codierter Bits unter Verwen-
dung des hdchstwertigen Bits und des mindestens einen Extra-Bits, die von dem Demultiplexer (202) umge-
wandelt werden, und des ersten Satzes codierter Bits zu erzeugen.

Sender nach Anspruch 16, wobei der Satz niedrigstwertiger Bits und das hdchstwertige Bit mindestens vier Ge-
samtbits umfassen und wobei das Vereinigungsmodul (212) dazu ausgebildet ist, zwei Bits mehr auszugeben als
von dem Demultiplexer ausgegeben werden, aufgrund der 1/2-Rate des Trellis-Formers (206) und der 3/4-Rate des
Ratencodierers (204).

Revendications

1.

Emetteur (200) destiné a un systéme de ligne d’abonnés numérique, DSL, comprenant :
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un codeur de débit (204) congu pour générer un premier ensemble de bits codés a I'aide d’'un ensemble de bits
moins significatifs, le premier ensemble de bits codés contenant au moins un bit de plus par rapport a 'ensemble
de bits moins significatifs ;

un dispositif de mise en forme de treillis (206) couplé de maniére opérationnelle au codeur de débit (204), le
dispositif de mise en forme de treillis étant congu pour générer un second ensemble de bits codés a I'aide d’'un
bit plus significatif et du premier ensemble de bits codés ;

un premier dispositif de mappage de constellation (208) couplé de maniére opérationnelle au codeur de débit
(204), le premier dispositif de mappage de constellation (208) étant congu pour générer un premier point décrit
par des coordonnées entiéres dans un plan complexe sur la base du premier ensemble de bits codés obtenu
a partir du codeur de débit ;

un second dispositif de mappage de constellation (210) couplé de maniére opérationnelle au dispositif de mise
en forme de treillis (206), le second dispositif de mappage de constellation (210) étant congu pour générer un
deuxiéme point décrit par les coordonnées entiéres dans le plan complexe sur la base du second ensemble
de bits codés apres I'entrelacement de deux bits a partir du second ensemble de bits codés obtenu a partir du
dispositif de mise en forme de treillis ; et

un module de fusion (212) couplé de maniére opérationnelle au premier dispositif de mappage de constellation
(208) et au second dispositif de mappage de constellation (210), le module de fusion (212) étant congu pour
fusionner le premier point avec le deuxiéme point afin de générer un symbole, le symbole représentant un
troisieme point décrit par des coordonnées entiéres dans le plan complexe.

Emetteur selon la revendication 1, dans lequel I'entrelacement comprend la permutation d’une position des deux
bits dans le second ensemble de bits codés.

Emetteur selon 'une quelconque des revendications 1 & 2, dans lequel I'entrelacement comprend la permutation
d’une position des deux bits dans le second ensemble de bits codés tandis que les positions de tous les bits restants
restent inchangées.

Emetteur selon I'une quelconque des revendications 1 & 3, dans lequel au moins un bit supplémentaire en plus du
premier ensemble de bits codés et du bit plus significatif est amené dans le dispositif de mise en forme de treillis
et le second dispositif de mappage de constellation mais pas dans le codeur de débit.

Emetteur selon'une quelconque des revendications 144, dans lequel le symbole contient plus de bits que 'ensemble
de bits moins significatifs et du bit plus significatif combinés.

Emetteur selon 'une quelconque des revendications 1 a 5, dans lequel le codeur de débit (204) est un controle de
parité de faible densité, LDPC, un codeur de % de débit et le dispositif de mise en forme de treillis (206) est un
dispositif de mise en forme de treillis de %> de débit.

Emetteur selon I'une quelconque des revendications 1 & 6, dans lequel le premier dispositif de mappage de cons-
tellation (208) et le second dispositif de mappage de constellation (210) appliquent chacun un mappage de bits a
codage Gray pour générer le premier point et le deuxiéme point, et chacun du premier point et du deuxieme point
étant bidimensionnel.

Emetteur selon I'une quelconque des revendications 1 a 7, dans lequel le symbole est utilisé pour générer un
mappage de constellation utilisé pour transmettre des données dans le systéeme DSL.

Procédé de génération d’'un mappage de constellation dans un émetteur, comprenant :

la conversion (902) d’un flux binaire en un ensemble de bits moins significatifs et un bit plus significatif ;

la génération (904) d’'un premier ensemble de bits codés sur la base de 'ensemble de bits moins significatifs,
le premier ensemble de bits codés contenant un bit de plus par rapport a 'ensemble de bits moins significatifs ;
la génération (906) d’'un second ensemble de bits codés sur la base du bit plus significatif et du premier ensemble
de bits codés ;

la génération (908) d’'un premier point décrit par les coordonnées entiéres dans un plan complexe sur la base
du premier ensemble de bits de codés ;

I'entrelacement (910) de deux bits a partir du second ensemble de bits codés pour générer un ensemble
entrelacé de bits codés ;

la génération d’'un deuxiéme point décrit par les coordonnées entiéres dans le plan complexe sur la base de
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'ensemble entrelacé de bits codés ; et
la fusion (912) du premier point avec le deuxi€me point pour produire un symbole, le symbole représentant un
troisieme point décrit par les coordonnées entiéres dans le plan complexe.

Procédé selon la revendication 9, dans lequel I'entrelacement comprend la permutation d’'une position des deux
bits dans le second ensemble de bits codés.

Procédé selon I'une quelconque des revendications 9 et 10, dans lequel I'entrelacement comprend la permutation
d’une position des deux bits dans le second ensemble de bits codés tandis que les positions de tous les bits restants
restent inchangées.

Procédé selon 'une quelconque des revendications 9 a 11, comprenant en outre la conversion du flux binaire en
un ou plusieurs bits supplémentaires et I'utilisation du ou des bits supplémentaires pour un mappage de constellation
et une mise en forme de ftreillis, le ou les bits supplémentaires étant des bits autres que les bits de I'ensemble de
bits moins significatifs et de bits plus significatifs.

Procédé selon I'une quelconque des revendications 9 a 12, dans lequel un premier dispositif de mappage de
constellation (208) et un second dispositif de mappage de constellation (210) appliquent chacun un mappage de
bits a codage Gray pour générer le premier point et le deuxieme point, et chacun du premier point et du deuxiéme
point étant bidimensionnel.

Procédé selon I'une quelconque des revendications 9 a 13, dans lequel la conversion est exécutée par un conver-
tisseur série-parallele (202), la génération du premier ensemble de bits codés étant exécutée par un premier codeur
de débit (204), la génération du second ensemble de bits codés étant exécutée par un second codeur de débit
(206), la génération du premier point étant exécutée par un premier dispositif de mappage de constellation (208),
I'entrelacement des deux bits étant exécuté par un second dispositif de mappage de constellation (210), et la fusion
étant exécutée par un dispositif de fusion (212).

Procédé selon I'une quelconque des revendications 9 a 14, comprenant en outre I'utilisation du symbole pour générer
un mappage de constellation utilisé pour transmettre des données dans un systéme de ligne d’abonnés numérique
(DSL).

Emetteur selon 'une quelconque des revendications 1, 2, 3, 6, 7 ou 8, comprenant en outre :

un démultiplexeur (202) congu pour convertir un flux binaire en un ensemble de bits moins significatifs, un bit
plus significatif et au moins un bit supplémentaire ;

dans lequel le codeur de débit (204) est couplé de maniére opérationnelle au démultiplexeur (202), le codeur
de débit (204) étant congu pour générer le premier ensemble de bits codés a I'aide de I'ensemble de bits moins
significatifs, convertis par le démultiplexeur (202) ;

danslequel le dispositif de mise en forme de treillis (206) est couplé de maniere opérationnelle au démultiplexeur
(202) et au codeur de débit (204), le dispositif de mise en forme de treillis (206) étant congu pour générer le
second ensemble de bits codés a I'aide du bit plus significatif, et 'au moins un bit supplémentaire converti par
le démultiplexeur (202) et le premier ensemble de bits codés.

Emetteur selon la revendication 16, dans lequel 'ensemble de bits moins significatifs et le bit plus significatif com-
prennent au moins quatre bits totaux, et le module de fusion (212) étant congu pour émettre deux bits de plus
qu’émis par le démultiplexeur en raison du 2 de débit du dispositif de mise en forme de treillis (206) et du 3 de
débit du codeur de débit (204).
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